Using an asymptotic iteration method, we calculate the gravitational and electromagnetic quasinormal mode (QNM) perturbations for a static neutral black hole described by a Scalar-Tensor-Vector Modified Gravity framework (STVG-MOG). We show that the first few harmonic modes differ from their general relativistic (GR) equivalent for a Schwarzschild black hole. Specifically, the real and imaginary components of the QNM frequencies are smaller for STVG-MOG than for GR. We posit that the differences are sufficiently large to potentially be observed in present and future black hole binary merger gravitational waveforms.
Introduction
The landmark detection of gravitational waves from binary black hole coalescence by LIGO [1, 2, 3, 4] has ushered in a new age in astronomy and black hole physics. Due to the unique characteristics of the waveforms in a given spacetime, this data present us with a new test of the underlying theory of gravity, be it General Relativity [5] or some other alternative theory [6, 7, 8, 9] .
The observed merger signals are divided into three phases -the inspiral, merger, and ringdown, -each of which identifies key characteristics of the black holes (size, mass, spin, etc...). While much attention is paid to the "loud" inspiral phase and the direct information it can disclose about the black holes, the more subtle ringdown phase can provide addition insight into the underlying spacetime structure. During this period, the final black hole settles to an unperturbed state through the emission of additional gravitational radiation, through damped oscillations known as quasinormal modes (QNMs) [10] . These QNMs are likely to be visible in present or future LIGO data [11, 12, 13] , and most definitely by LISA [14] . An array of modeldependent data from QNMs can help to identify the background spacetime structure, including the frequencies themselves, QNM onset time [15] , as well as higher-order modes [16] .
STVG-MOG Overview
In this proceedings contribution, we summarize our analysis of the ringdown phase of black hole mergers in a scalar-vector-tensor theory of gravitation also known as SVTG-MOG [17, 18, 19, 20, 21] 
with the parameters G = K(x) and μ = L(x). The advantages of this framework include the elimination of dark matter in galaxy rotation curves and clusters [22, 23, 24] , as well as structure formation in the early universe [25, 26, 27] . The additional tensor Q μν introduced into Einstein's equations (1) is defined as
where
and
The total energy-momentum tensor is
where T M μν is the energymomentum tensor for ordinary matter, and those of the additional fields are
It is possible to obtain a generalized "Schwarzschild-MOG" solution of these field equations by demanding that G = G N (1 + α) and Q g = √ αG N M be constant. Since the φ μ field particle mass can be fit as m φ ∼ 10 −28 eV in the present universe [22, 23] , we can ignore this contribution and rewrite the field equations and modified T (φ) μ ν as follows:
The solution to the above system yields the metric
Algebraically, this is identical in form to the Riessner-Nordström solution, but with the electric charge term now dependent on the mass. 
Calculating Quasinormal Modes via the Asymptotic Iteration Method
New insights to black hole physics can be obtained through the study of these objects with surrounding fields. An understanding of QNMs, characteristic to the background spacetime, can then serve as a unique fingerprint when searching for the existence of black holes. These resonant modes present a real part that describes the actual frequency, and an imaginary part that dictates the damping. Gravitational perturbations appear to be of special interest since they directly identify the black hole to their gravitational radiation.
In the following we shall use the definition that QNMs are defined as solutions of the perturbed field equations with boundary conditions:
where the positive and negative solutions correspond to ingoing and outgoing waves respectively. A number of methods have been developed to calculate QNMs for black holes, but one of the more robust semianalytic techniques is the asymptotic iteration method (AIM) [28] . This will be the algorithm of choice outlined below.
We begin by defining a second-order differential equation of the form
The functions λ 0 (x) and s 0 (x) are smooth, so we can differentiate to get
whose coefficients now satisfy λ 1 (x) = λ 0 + s 0 + λ 2 0 and s 1 (x) = s 0 + s 0 λ 0 . Iterating the differentiation approach we arrive to
where the coefficients satisfy
For n large enough, the AIM feature is introduced
and the QNMs arise from a "quantization condition" marking the end of the iterations
Outside the horizon, we describe the perturbations of the geometry as even-and odd-parity oscillations of a Schrödinger-like equation, i.e.
with the even and odd modes denoted by + and −, respectively [30, 31, 32] : When i = j = (1, 2)(i = j), we can write
Under an appropriate change of variables, the AIM formalism can be expressed as
where Tables 1 and 2 show the real and complex QNM frequencies for the first few modes. The black hole mass has been set to unity for easy comparison with existing QNM for other gravitational theories. It is clearly shown that for α = 0, the QNMs of V (−) i=2 in Table 2 reduce to the purely gravitational Schwarzschild case, while the QNMs of V Table 1 reduce to the purely electromagnetic case. It is important to note that for n l as in Table 1 for l = 1 and n = 3, a higher number of iterations is needed to find stable solutions in the semianalytical approach.
Conclusions
Quasinormal modes in the ringdown phase of black hole mergers described by STVG (MOG) theory were determined for both gravitational and electromagnetic perturbations. For increasing model parameter α > 0, the magnitude of both the real and imaginary components of the frequencies decreased in the gravitational l = 2, l = 3 and l = 4 modes, as well as for the l = 1, l = 2 and l = 3 electromagnetic modes. This difference between MOG and GR should be detectable for sufficiently sensitive frequency determinations in present and future black hole binary coalescence data. 
